Human apolipoprotein B mRNA-editing enzyme-catalytic polypeptide-like 3G (APOBEC3G) is incorporated into HIV-1 virions through interactions with viral and nonviral RNAs.
Apolipoprotein B mRNA-editing enzyme-catalytic polypeptide-like 3G (APOBEC3G) is a host cytidine deaminase that is packaged into virions and confers resistance to retroviral infection. APOBEC3G deaminates deoxycytidines in minus strand DNA to deoxyuridines, resulting in G to A hypermutation and viral inactivation. Human immunodeficiency virus type 1 (HIV-1) virion infectivity factor counteracts the antiviral activity of APOBEC3G by inducing its proteosomal degradation and preventing virion incorporation. To elucidate the mechanism of viral suppression by APOBEC3G, we developed a sensitive cytidine deamination assay and analyzed APOBEC3G virion incorporation in a series of HIV-1 deletion mutants. Virus-like particles derived from constructs in which pol, env, and most of gag were deleted still contained high levels of cytidine deaminase activity; in addition, coimmunoprecipitation of APOBEC3G and HIV-1 Gag in the presence and absence of RNase A indicated that the two proteins do not interact directly but form an RNase-sensitive complex. Viral particles lacking HIV-1 genomic RNA which were generated from the gag-pol expression constructs pC-Help and pSYNGP packaged APOBEC3G at 30-40% of the wild-type level, indicating that interactions with viral RNA are not necessary for incorporation. In addition, viral particles produced from an nucleocapsid zinc finger mutant contained approximately 1% of the viral genomic RNA but approximately 30% of the cytidine deaminase activity. The reduction in APOBEC3G incorporation was equivalent to the reduction in the total RNA present in the nucleocapsid mutant virions. These results indicate that interactions with viral proteins or viral genomic RNA are not essential for APOBEC3G incorporation and suggest that APOBEC3G interactions with viral and nonviral RNAs that are packaged into viral particles are sufficient for APOBEC3G virion incorporation.